Introduction
Colorectal cancer (CRC), one of the most common cancers in developed countries, has a 5-year survival rate of about 60%. [1] [2] [3] Most patients are diagnosed at a relatively advanced age, when chronic comorbidities are often present. COPD is prevalent and commonly associated with other diseases. 4, 5 Surgery is essential in many cases of CRC and is associated with considerable mortality (up to 11% at 30 days) and a high rate of complications. 6, 7 Many factors are associated with outcomes after different types of surgery, and COPD has been associated with increased short-term mortality. However, few studies of postoperative outcomes in patients with COPD focus on patients with CRC or on postoperative outcomes other than mortality, such as reintervention, complications, or length of stay (LOS). 8 Recently, Platon et al 9 found COPD was a strong predictor of intensive care unit (ICU) admission and 30-day mortality after CRC surgery.
Poorer outcomes after surgery in patients with COPD are related to respiratory failure or other postoperative complications, which can lead to higher short-term mortality. In patients undergoing abdominal surgery, the most common short-term complications include not only infection or other complications involving the site of surgery but also organ failure, including respiratory failure or ventilator problems. In patients with COPD, respiratory complications are probably even more common, adding complexity to immediate postoperative management and increasing the likelihood of worse outcomes.
Despite the prevalence and importance of COPD, few studies have analyzed the overall impact of COPD on postoperative (in-hospital) outcomes or on the use of resources in oncologic surgery in general or CRC surgery in particular. We hypothesized that patients undergoing surgery for CRC with COPD as a comorbidity would consume more resources and have worse in-hospital outcomes than similar patients without COPD. To test this hypothesis, we compared some aspects of the care process and short-term outcomes in two cohorts of patients (with and without COPD) undergoing surgery for CRC in diverse hospitals in Spain.
Methods

Design and patients
This prospective multicenter cohort study of patients from 22 hospitals located in nine regions of Spain was done in the framework of the REDISSEC-CARESS/CCR (Results and Health Services Research in Colorectal Cancer) study, which addressed diverse research objectives in hospitals treating CRC in Spain for the national health system. 10 We included patients undergoing scheduled or urgent surgery for primary invasive CRC in the period from June 2010 through December 2012, whether the goal of surgery was to excise the tumor or to palliate symptoms.
The REDISSEC-CARESS/CCR study excluded patients with only cancer in situ, those with relapsed tumors, those with cancer not located in the colon or rectum, those who died before surgery, those with inoperable cancer, and those transferred for surgery in another center.
Variables and data collection
Appropriately trained reviewers used a structured questionnaire and a manual to collect data from clinical records and interviews with surgeons about the following clinical variables: age, categorized as ,80 years or $80 years; sex; smoking habit; chronic alcoholism; body mass index (BMI), calculated from the weight and height recorded in the clinical history, with BMI ,18.5 considered low, 18.5-25 normal, and BMI .25 overweight/obese; baseline comorbidities included in the Charlson Index, with Charlson scores classified in three categories (0, 1-2, $3); tumor location (colon or rectum); American Society of Anesthesiologists (ASA) score (I-IV); urgency of the intervention; type of surgery (laparoscopic or open); and staging according to the AJCC.
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COPD (eg, emphysema and chronic bronchitis) was considered present when the diagnosis was mentioned in patients' clinical charts. Asthma or other acute or chronic inflammatory diseases of the airways resulting in bronchospasm alone were not considered COPD. Likewise, diffuse interstitial fibrosis or sarcoidosis was not considered COPD.
We recorded the following process variables: postintervention ICU admission, use of invasive mechanical ventilation, and postintervention antibiotic treatment or blood transfusion.
Outcome variables were reintervention, major complications during the intervention, complications during the hospital stay (as described in Quintana et al 10 ), and the LOS after the intervention grouped into four ranges (1-7 days, 8-15 days, 16-30 days, .30 days). For the purposes of this study, complications were classified by severity into three mutually exclusive categories (none, minor, major) according to the clinical judgment of the surgeons participating in the study, with major complications classified by type (infectious, hemorrhagic, surgical, vascular, or medical). In-hospital mortality was defined as any death occurring before discharge from hospital, independently of the duration of the hospital LOS.
Data analyses
A descriptive analysis of all variables was carried out. To compare patients with COPD versus those without COPD, we used chi-square tests or Fisher's exact test for categorical variables. For process and outcome variables, we also estimated crude odds ratios (OR) with 95% confidence 
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COPD: an important risk factor for adverse outcomes in CrC patients intervals (CI). We used logistic regression techniques, incorporating statistically or clinically significant variables in the bivariate analysis to estimate the adjusted risk of death during the hospital stay. To adjust for comorbidities, we took the Charlson scores into account. Thus, in addition to the variable COPD, the final regression model included the other significant variables that enabled the maximum discriminatory capacity of the model estimated by the area under the receiver operating characteristic curve with good calibration according to the Hosmer-Lemeshow test.
To estimate the probability of in-hospital death in function of the presence of COPD, we used Kaplan-Meier survival analysis, in which discharge was considered a censoring event. We compared the survival curves of patients with COPD versus those without COPD by log-rank test. We used Cox regression models to estimate the hazard ratio (HR) for hospital mortality, adjusted for the same factors or variables as in the logistic regression model.
We 
Results
We analyzed a total of 2,748 patients with CRC (mean age, 68 years); of these, 472 (17.2%) had COPD. Table 1 compares the sociodemographic and clinical variables in patients with COPD versus those without COPD. The COPD group had higher proportions of men (80.5% vs 60.1%, P,0.001), patients aged $80 years (25.8% vs 14.7%, P,0.001), patients with chronic alcoholism (22.1% vs 11%, P,0.001), and patients with smoking habit (18.6% vs 12.2%, P,0.001). Moreover, Charlson scores were higher in patients with COPD because comorbidities were more common. Specifically, the following comorbidities were more common in patients with COPD than in those without COPD: heart failure (20% vs 7.6%, P,0.001), diabetes (26% vs 18%, P,0.001), peripheral vascular disease (10.9% vs 4%, P,0.001), peptic ulcers (11.4% vs 4.8%, P,0.001), and primary malignant tumors other than CRC (11.3% vs 6.7%, P,0.001). The most common comorbidities in patients with COPD were diabetes mellitus (25.8%), moderate to severe heart failure (20.3%), peptic ulcer (11.5%), malignant primary tumors other than CRC (11.3%), and peripheral vascular disease (10.9%).
No differences were observed between patients with COPD and those without COPD in the urgency of the intervention, CRC location, or CRC stage. Laparoscopic surgery and in those without. The infectious complications that were more common in patients with COPD than in those without were pneumonia and other respiratory tract infections, intravenous catheter infections, and septic shock. The main surgical complications that were more common in patients was less common in patients with COPD (50.9% vs 59.6%, P,0.001). A greater proportion of patients with COPD were classified under ASA III (58.5% vs 34%, P,0.001) and IV (10% vs 2.7%, P,0.001) risk categories. Table 2 compares the process and outcome variables in patients with COPD versus those without COPD.
A greater proportion of patients with COPD developed complications during the hospital stay (62.5% in patients with COPD vs 47.5% in those without, P,0.001); likewise, a greater proportion of patients with COPD developed more severe complications (38.3% in patients with COPD vs 26.4% in those without, P,0.001). Major infectious, surgical, vascular, and medical complications were more common in patients with COPD. 
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Baré et al with COPD than in those without were the dehiscence of the surgical wound or anastomosis, evisceration, and vascular damage. The main medical complications that were more common in patients with COPD than in those without were cardiac arrest, heart failure, respiratory failure, and renal failure; the risk of major medical complications was 78%-235% higher in patients with COPD (OR 2.443; 95% CI 1.779-3.355).
The greater incidence of complications in patients with COPD was also associated with greater consumption of resources during the hospital stay, longer LOS, and higher in-hospital mortality ( Table 2) . Greater proportions of patients with COPD were admitted to the ICU (31.1% vs 23.4%; OR 1.5), received invasive mechanical ventilation (4.2% vs 2.4%; OR 1.8), and received antibiotics after the intervention (53% vs 44%; OR 1.4). Moreover, a greater proportion of patients with COPD required reintervention (11% vs 7.5%; OR 1.5). However, no differences in hemorrhagic complications or blood transfusions were observed between the two groups.
The overall mean LOS after the intervention was 12.4±11.1 days (median 9, range 1-213). COPD was associated with longer LOS. Only 35% of the patients with COPD spent less than a week in hospital after the intervention compared to 48.5% of those without COPD. There was also a trend in the strength of the association between COPD and longer LOS, being especially strong for LOS .30 days (OR 2.606; 95% CI 1.715-3.959).
A total of 41 (1.5%) patients died in hospital. The risk of death was higher in patients with COPD (OR 5.252; 95% CI 2.824-9.770); after adjustment for the significant variables (age, sex, tumor location, ASA risk, and reintervention), the OR was 3.514 (95% CI 1.662-7.429) and the HR was 2.480 (95% CI 1.228-5.006).
The survival curves (Figure 1) show that death occurred earlier in patients with COPD than in those without (logrank test 14.458; P=0.000). The most common causes of death in patients with COPD were septic shock and medical complications.
Discussion
In this nationwide study of patients undergoing surgery for CRC, we found that COPD was associated with higher rates of postoperative complications, ICU admission, antibiotic treatment, reinterventions, and mortality during hospitalization. Moreover, after adjusting for other factors, COPD remained clearly associated with higher and earlier in-hospital mortality. Previous nationwide studies in the USA found that even after adjusting for other clinical factors, COPD clearly increases postoperative morbidity and mortality (up to 30 days) and LOS in patients undergoing all types of surgery and in patients undergoing all types of abdominal surgery. 8, 12 Our results show that these findings are also valid for the more specific group of patients undergoing surgery for CRC in a nationwide sample in Spain.
The prevalence of COPD in our cohort (17%) is similar to that reported in other settings, although differences in important factors make comparisons among studies difficult. A previous study in our setting reported 19% prevalence of COPD in patients undergoing surgery for rectal cancer; 13 however, the prevalence of COPD was lower in the aforementioned studies in more general surgical populations: 5% in Gupta et al's cohort and 3.8% in Fields and Divino's cohort. COPD is more common in cancer patients, in part, due to the history of smoking habit. In our study, COPD patients were identified concurrently with data collection. Despite the difficulties inherent in this design, it does not seem that the prevalence of COPD has been underestimated.
The only study published to date that focuses on COPD in CRC interventions reported 13% 30-day mortality in patients with COPD, about 70% higher than in those without COPD; these figures varied with different clinical variables. 9 The in-hospital mortality rate in our study was low, but it was four times higher in patients with COPD than in those without, remaining significant after adjusting for sex, age, ASA risk, tumor location, and reintervention. Furthermore, patients with COPD died earlier after the intervention, underlining the importance of optimizing pulmonary function when 
The most common causes of death in patients with COPD are respiratory disease and cardiovascular disease. 14, 15 As reported in other studies, [16] [17] [18] the prevalence of heart failure and respiratory insufficiency were higher in patients with COPD than in those without. This clinically important difference could explain the higher rates of ICU admission and invasive mechanical ventilation in COPD patients. On the other hand, our COPD patients also had a higher rate of infectious complications after surgery than patients without COPD, which explains, in part, their higher rate of postoperative antibiotic treatment. Among infectious complications, septic shock, pneumonia, and other respiratory tract infections were especially prevalent.
Interestingly, COPD patients in our study had higher rates of wound or anastomosis dehiscence, and even evisceration, partially explaining their higher rate of reintervention. Platon et al 9 reported similar findings. The higher rates of these surgical complications in patients with COPD are not surprising: coughing is both a frequent symptom of COPD and a common cause of wound dehiscence; many COPD patients receive oral glucocorticoids that delay wound healing; and many lack good nutritional status essential for wound healing. 19 All these factors explain the longer LOS in patients with COPD.
Conclusion
In conclusion, to reduce morbidity and mortality in patients with COPD undergoing surgery for CRC, several aspects of perioperative management are important: bronchodilator therapy, postoperative analgesia, and respiratory physiotherapy should be optimized and attention should be given to the usual comorbidities in these patients.
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